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INTRODUCTION 


Since experiments with preservation of foods by radiation started 
shortly after World War II at the Massachussetts Institute of Technology 
much money has been spent, especially in the United States, in attempts 
to make this method useful for practical purpuoet”*. Some progress has 
been recorded, e.g. the prevention of sprouting in potatoes and onions 
as well as de-infestation of flour, cereals, beans and similar pro- 


ducts!’ 3) 


. For these purposes generally low doses of #-irradiation 
are required. Trichinae are killed by low doses of 7 -irvadiation”. Sur- 
face sterilisation of berries and fruits will delay spoilage by moulds and 
yeast, but high doses of -irradiation cause changes of flavour, colour 
and consistency”. Milk and milk products are very sensitive to changes 
of odour and flavour as are eggs, some kinds of meat (especially beef), 
and fish, although the changes in the latter instances generally appear at 
a little higher dose levels than in the former. Results obtained have 
currently been surveyed at conferences and in the literature!’ 5-16) 
The wholesomeness of irradiated food is subject to extensive investiga- 


tions*’ 


Due to the changes occuring in products treated with high doses of 
ionising radiation it is now generally agreed that sterilizing by irradia- 
tion so far is not applicable for practical purposes. Maybe, however, 
methods permitting total sterilization could be devised in the future. An 


approach in this direction is combination of irradiation and 
heat! 17-19, 27) which lowers the dose level required and also 
causes desirable inactivation of the enzymes. Another approach is the 


20-23) 1, 20-22) 


use of additives such as ascorbic acid and other agents 


which are capable of reacting with the radiation-induced free radi- 


20, 21, 24, 25) 


cals responsible for the development of off-odour and loss 


of acceptability. Also odour scavenders such as activated costes” 
7 

and an oxygen scavender (glucose oxidase)” ) have been tried. Niven and 

Chesbre”” have reported on the complementary action of antibiotics, 


29) 


combining the enzymatic autolysis inhibition by adrenaline with surface 


sorbic acid and irradiation. Recently Radouco-Thomas has suggested 


irradiation in the preservation of meat. 


The extent to which a food can be irradiated without causing notic- 
able, undesirable changes, varies from one product to another. It may 


differ even for a certain item, for example beef _ ; the reason for this 


4 
ion 


is obscure. However, in most cases the organoleptic changes appear 
after irradiation with doses within the range 0.05 — 1 megarad, i.e. 
pasteurizing doses. For complete sterilization a dosage of 4 to 5 me- 
garad has been found to be required! 1) — It may also be mentioned that 
vitamins are sensitive to ionising radiation”"). That is specially the 


31-33) For example, Wilson”) found a destruction 


case with thiamine 
of 50%, 65%, and 80 % of this vitamin in pork after irradiation with 
doses of 0.5, 1.0, and 2.0 megarad, respectively, at room temperature. 
Exclusion of air had no effect, but irradiation at low temperatures re- 
duced the loss considerably. Similarly, odour and flavour caused by ir- 
radiation in chicken meat has been shown to decrease with decreasing 


temperature during irradiation’”’ 34) 


Several workers have studied various effects of irradiating fresh 
beef! 7? 18,21, 22, 26, 30, 31, 35-43) 17,21, 31,39, 41, 43) 


Fresh veal?!» 39) chicken 14,21, 31) 


and fresh pork 


31, 34, 39) 


min and fish 
also been subjected to irradiation experiments, though to a lesser ex- 
tent. The effect of curing salts on the colour and oxidative changes in 
radiation-preserved pork has been studied by Hougham and Watts ?*), 
The possible importance of pre-cooking for the organoleptic properties 
‘7, 18,27, 45,46) pork! 727, 46) 127» 46) 


of irradiated beef has not 


and vea 
been fully established. The behaviour of meat products towards ionising 
radiation has been studied to some extent. Thus, Proctor et al. 22) treat- 
ed pork sausage and all-beef frankfurters, packed in saran bags under 
vacuum, with a dose of 1.0 megarep. The former was edible after 
storage 4 months at +2° to +4°C whilst the latter had a storage life of at 
least 3 months at the same temperature. However, to prevent the ir- 
radiation off-flavour developed even at low doses, it was necessary to 
incorporate 0.25 % or more of sodium ascorbate in the latter product. 
Vacuum packaging considerably delayed the formation of peroxides com- 
pared with non-vacuum packaging in cellophane bags. Schultz et al. 87) 
investigated the concomitant use of radiation with other processing 
methods for ground beef, pork, frankfurters and bologna; irradiation 
with a dose of 2 megarep of the products was performed in cans. The 
irradiated samples were held 2 to 3 weeks at -18°C before taste-testing. 
It was found that: 1) the flavour score for the non-irradiated controls 
was significantly higher than for any of the irradiated samples; 2) there 
was no significant difference in the intensity of radiation flavour de- 


veloped in products canned in air, vacuum or nitrogen, with the possible 


exception of frankfurters (cf., however, the importance of excluding 


oxygen stressed by Huber et , Proctor et al. , and Groninger 


31)) 


diation flavour between meats irradiated in a frozen or an unfrozen state 
(cf a3, 34)) 39) 


studied the effect of storing ham, bacon, pork sausage, frankfurters and 


et al. 


; 3) there was no significant difference in the intensity of ra- 
In a very comprehensive storage experiment Kirn et al. 


beef liver at +7°C for about 5 years after having irradiated these pro- 
ducts with a dose of 1.45 megarep in cans under refrigeration (ice chil- 
ling). A bitter or irradiated flavour was established in all products ex- 
cept raw and cooked pork sausage. Erdman and Watts *?) irradiated 
slices of ham and bologna in test tubes at 26°C in an atmosphere of air, 
using levels of 0.2, 0.67, and 2.0 megarep. After storage 3 days at 
room temperature a sour odour appeared in the controls and in the 
samples irradiated with 0.2 megarep, but no such odour was detectable 
in the samples irradiated with the higher doses after storage 1 month or 
longer. Hydrogen sulphide developed after 3 days in two of the ham 
samples, namely the control and the sample irradiated with 0.2 megarep, 
but H,S was not produced in the others or in any of the samples of bo- 
logna. Irradiation caused severe colour losses, off-odours, loss of free 
SH-groups and changes in content of nitrite. The microbial flora of 
packaged frankfurters before and after irradiation was studied by Drake 
et al. ’ . When non-irradiated frankfurters were stored at +2°C micro- 
bacteria and yeasts were found to be the dominant groups of organisms 
in the surface slime. The microbacteria were shown to be very similar 
or identical to Microbacterium thermosphactum. At 10°C, the 
relative proportion of lactobacilli, leuconostocs, and micrococci in- 
creased. Irradiation with doses ranging from 0. 14 to 0.46 megarad had 
a selective action on the microbial flora, resulting in a domination of 
yeast and spore-forming bacilli. No significantly different results were 
obtained with vacuum-packaged frankfurters and cellophane wrapped 
ones. A comparison with fresh and irradiated beef may be made. Fresh 
beef stored at +2°C decomposes due to the growth of Pseudomonas 
geniculata’@ , but beef irradiated with a dosage of the magnitude of 
0.05 megarad (which is sufficient to kill the pseudomonads), may be 
attacked by organisms apparently identical to Microbacterium 
thermosphactum, which causes no putrefaction but a sour odour and 
flavour. — Of considerable interest is the radiation-resistant Micro- 
coccus (resembling M. roseus and M. rubens tetragenus) 
found by Anderson et al. 49), this microorganism was isolated several 


times from ground beef and pork which had been irradiated with doses of 


2 to 3 megarad 7’-radiation. 


aise 
cis 


From a practical point of view it would be of importance to know the 
influence of radiation upon the various vacuum-packed sliced meat pro- 
ducts which are so common in our present day trade. The composition 
and processing of these products may differ very much. After wrapping 
in evacuated plastic bags, some products will spoil even more readily 
than the unwrapped ones and they are sometimes kept in the shops and 
by the consumer under unsatisfactory conditions. This may be due to the 
fact that the colour will keep very well even when the product has de- 
teriorated. Therefore this question arises: Is it possible to store these 
prepacked products or some of them at room temperature after appro- 
priate radiation treatment without being spoiled? This is the background 


of the present investigations. 


EXPERIMENTAL 


The samples were commercial packages of the following items: Smoked bacon, 
cooked ham, cooked beef (round), smoked horse meat, thick bologna and liver 
paste. The first five items were cut in slices of 2.4, 1.5, 0.9, 0.9, and 1.5 mm 
thickness; the slices partly covered each other. One liver paste slice of a thickness 
of 10 mm was placed in each package. About 100 grams of the sliced products were 
transferred by means of a pair of forceps into transparent, laminated cellophane- 
polyethylene bags (''Laminex"). The bags were then evacuated to 2 90 per cent 
vacuum and heat-sealed and thirty packages of each item were allotted for the ex- 
periments. The contents of all the packages of one and the same item originated 
from only one piece of meat or one sausage or, if this was not possible, from an- 


other piece or sausage of the same batch. 


Five samples were used as non-irradiated controls; groups each of five samples 
were irradiated with a dosage of 0.1, 0.2, 0.5, 1.0, and 2.0 megarad, respec- 
tively. Apart from radiation with various doses all the samples of a certain item, 
including the non-irradiated samples, were treated in the same way with regard to 


transportation and storage temperature. 


For practical reasons only two items were sent for irradiation at anyone time. 
The samples were transported in boxes and, during transportation, the samples 
were cooled with ice placed in polyethylene bags. The samples were irradiated at 
Danske Atomenergikommissionens Fors¢gsanlaeg (the Experimental Plant of the 
Danish Atom Commission), Risg, Roskilde, Danmark, by means of a cobalt-60 
? - radiation source of 1100 curie*). Thus, the flux intensity was rather low and the 
irradiation with a dosage of 2 megarad required 44 hrs. According to Schultz 
et al. 17) the flux intensity seems to have little or no influence on the resulting or- 
ganoleptic properties of #-irradiated beef, whereas Huber etal. 21) have reported 
that high dose rates greatly reduces radiation flavour in electron-irradiated raw 


milk. See also Cain et al. 18) regarding the reducing effect of intermittent radia- 


*) The author is much indebted to Mr. T. A. Truelsen at Risg for having kindly 
carried out the irradiations in accordance with all our wishes. 


tions upon radiation flavour and bacterial count in ground beef.In order to irradiate 
the packages they were placed on the inside of the cylindrical surface of rotating 
metallic containers of 57mm diameter which were uniformly irradiated. The treat- 
ment was carried out at +5°C. Unfortunately, it was generally not possible to start 
the irradiation immediately after the receipt of the samples at the plant. Therefore, 
a period elapsed between packaging and irradiation which was different for the 
three consignments; in addition, the time after irradiation until the samples were 
examined varied for each consignment. Before irradiation and before starting the 
storage at room temperature the samples were kept ina refrigerator. The lengths 


of the periods thus mentioned are given in the text to Figs. 1-6. 


Many workers have frozen samples during transportation and storage before 
starting the experiments. In view of the significant reduction of surviving micro- 


organisms occurring during freezing and thawing 


, along with changes of the 
structure of the material, freezing was not adopted. Due to the comparatively high 
temperature thus prevailing during transportation and pre-storage in the present 
experiments, the initial bacterial counts in the non-irradiated samples and in the 
samples having been irradiated with low doses, were fairly high (cf. Figs. 1-6). 
This was particularly the case with the fatty products bacon, cooked ham and thick 
bologna. These findings are in accord with the results reported by Halleck et al. 51) 


demonstrating that a fatty meat is a better substrate than a lean one. 


One control package (non-irradiated sample) and one package of each of the 
samples which were irradiated at the different dose levels were analyzed imme- 
diately at start of the experiment. The remainder of thesamples was placed on 
tables and exposed to scattered day light at room temperature. Samples were 
taken for analysis at intervals up to 121 days’ storage. Details are found in Figs. 
1-7. 


The examination involved odour, taste, colour, texture, bacterial count, pH, 
peroxide value, and content of free fatty acids in the fatty products. In some cases 


also the portion of protein not precipitable by CC1,COOH was determined. 


The organoleptic investigations were made anonymously by a panel of 


five trained persons. 


Cresol-Purple Petone-Glucose-Agar medium; incubation for 3 days at 30°C, An 
extract for plating was obtained by treating the slices with sterile water in a shak- 
ing machine for 10 minutes. Two samples were taken from each package and the 
mean of the bacterial counts was used. The calculations were made both per sq. 
cm. surface and per gram. Since the relation between the figures thus obtained was 
almost constant (the number per gram was 10 to 15 times that per sq. cm.) only the 
in Deep Agar Shake Cultures with the same medium as for aerobic cultures; incu- 
bation was for 2 days at 37°C. For this test both the above-mentioned extract and 


the sample itself were used. 


pH was measured on a homogeneous mixture of equal parts of ground sample 


and distilled water. 


7 
‘ 
Bacteriological examinations. Aerobic cultures were made on Brom- a 


The peroxide value of the fat was determined according to Lea’s simpli- 


fied method. For this purpose the sample was ground in a mortar with anhydrous 
Na,SO, and then the fat was extracted with CHCl,. The extract was filtered and its 
content of fat was determined. For determination of the peroxide value 7 ml of the 


CHCl,-extract was mixed with 14 ml glacial acetic acid. 

The content of free fatty acids (f.f.a.) in the fat of the fatty products was 
determined by titration with 0.1 N-KOH in the usual way. The fat was extracted by 
CHCl 


the fat was dissolved in a mixture of equal volumes of ethyl alcohol and ether for 


3 as previously described, the solvent was evaporated in vacuo, and then 


titration. 


The proportion of nitrogen compounds not precipitable by tri- 
chloroacetic acid was obtained by determining the amount of nitrogen in the 
filtrate and the precipitate, respectively, from 2 g finely ground sample (without 
visible fat) and 10 ml 20 % CC1,COOH. The comminuted sample was treated with a 
3CO0H solution 
was added and all of it shaken for 15 min. before filtrering and washing with 20 % 


CC1,COOH. 


portion of the CC1,COOH in a mortar, the remainder of the CCl 


The chemical composition and some principal data on the processing of the 
various products are found in Table I; in addition, the ingredients of the thick 
bologna and the liver paste are given. 


. 


Table I 

Chemcial composition and processing data for the products investigated 
Content of a) Cooked | Smoked | Thick Liver 
(per cent) Bacon Cooked c Horse e) f) 

b) Beef a) Bologna paste 
Ham (Round) | Meat 

Moisture at.3 59.0 | 62.5 62.0 54.5 44.8 
Protein 7.8 26.6 | 28.2 25.5 9.4 i ee | 
Fat 57. 68) 10.0 | 2.5 2.9 29.2 29.8 
Ash’! 3.1 4.0 | 6.5 9.5 2.4 3.3 
Sodium Chloride 2.4 Pay 5.3 8.1 1.8 2.0 
Processing data: 
Cursing time, dave 4°) 14°) 149) 3°) 
Smoking time, hrs 15 1 72 1.5 

si temp., “C | 50-60° 75° - 25-30° 75° - 
Cooking time, min. - 135 150 - 70 150 

a temp., °C 7 85° 85° - 80° 85° 


a) Without rind. The bacon was stitch-pumped and subsequently pickle-cured. 

b) Composition of the lean meat: moisture 63.5 %, protein 29.5 %, fat 2.0%, ash 
4.2%, sodium chloride 2.9 %. The ham was stitch-pumped and subsequently 
pickle-cured. 


c) Pieces of 3 - 3.5 kg. The rounds were stitch-pumped and subsequently pickle- 


cured. 


. 
| 


d) Pieces of 3-7 kg stitch-pumped and subsequently dry-cured, soaked for 4 hrs 
in water, cut into pieces of 2-4 kg and smoked in cellophane casings (diam. 
10 cm). 


e 


Ingredients dry-cured with 2.5 % common salt containing 0.6 % NaNO,: 25 % 

lean beef, 25 % lean pork, 13 % fatty pork; dry cured with 2.5 % common salt: 

15 % diced back fat; other ingredients: 5% potato flour, 0.5% sugar, 0.8% onion, 

0.3 % seasonings, water. — Finely chopped and stuffed in cellophane casings of 

diam. 65 mm, length 80 cm. 

f) Ingredients dry-cured with 2.5% common salt containing 0.6 % NaNO,: 9 % 
lean pork, 31% fatty pork without rind; other ingredients: 36 % pig’s liver, 
10 % back fat (for lining), 5 % milk, 5 % wheat flour, 2.3 % sugar, 0.8 % an- 
chovies, 0.1 % seasonings. Finely chopped and baked in moulds to give loaves 
of 2.5 kg. 

g) Iodine value of solvent extracted fat: 58.5. 

h) Including glycogen. 

i) Includes sodium chloride. 

k) Formula for pumping-pickle (strength 18°Bé): 200 kg sodium chloride contain- 

ing 0.6 % sodium nitrite, 6 kg potassium nitrate, 10 kg sucrose, water to a 

volume of 1000 litre. Formula for pickle-curing brine (strength 20°Bé): 250 kg 


sodium chloride, 10 kg potassium nitrate, water to a total volume of 1000 litre. 


From TablelI it is evident that the products involved in this investigation show 
significant differences in their content of moisture, fat, protein, carbohydrates 
and salt. 


The results of the organoleptic examinations are summarized in Table II. 


The total count of aerobes developing during storage at room temperature in 
the non-irradiated samples and in those treated with various doses of 7 -radiation 
is shown in Figs. 1-6. 


Apart from what is evident from Figs. 1-6 the following may be mentioned. 
Obligate anaerobes and gas-producing bacteria were not found. The occurence of 
acid-producing microorganisms was not uniform but before storage they generally 
constituted 10 to 30 % of the total count in the non-irradiated controls and in those 
irradiated with a dosage of up to 0.2 megarad. During storage the percentage of 
acid-forming microorganisms increased in the products containing carbyhydrates, 
particularly in the bologna. No trend was evident in the other products. The micro- 
flora in the controls and in the samples irradiated with doses of 0.1 and 0.2 mega- 
rad was mainly composed of cocci, mobile rods, and yeasts. In non-sterile samples 
irradiated with doses of 0.5 megarad and higher, the yeast was predominating. This 
is in agreement with the findings of Drake et ai.*”) on irradiated frankfurters (p. 5). 
Only insignificant changes in pH during storage of the non-irradiated packages and 
those having been irradiated with doses of 0.1 and 0.2 megarad were observed; the 


greatest change observed was from pH 6.1 to 5.8 units. In cooked ham irradiated 


i 
- 


1 day after irradiation before storage at room temperature. Ice cooling during 
transportation. Storage temperature 22-28°C, average 24°5C. 
Fig. 6. Liver paste. The same data as for thick bologna (Fig. 5). 
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Fig. 1. Bacon, Held at +5°C 5 days between wrapping and irradiation, further 4 
days after irradiation before storage at room temperature. Ice cooling during trans- 
portation. Storage, temperature 22-24°C, average 23°C. 
Fig. 2. Cooked ham. Held at +5°C 2 days between wrapping and irradiation, further 
‘ 5 days after irradiation before storage at room temperature. Ice cooling during 
transportation. Storage temperature 23-28°C, average 25°C. 
Fig. 3. Cooked beef. The same data as for cooked ham (Fig. 2). 
Fig. 4. Smoked horse meat. The same data as for bacon. (Fig. 1). 
Fig. 5. Thick bologna. Held at 5°C 6days between wrapping and irradiation, further 
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Legend to the Figures 1-6: 
non-irradiated control 


irradiated with a dosage 
6 ---B---8--— of 0.1 megarad 


irradiated with a dosage 
—-—--A—-—-A—-—-A—- —- of 0.2 megarad 


irradiated with a dosage 
of 0.5 megarad 


irradiated with a dosage 


of 2.0 megarad 


with a dose of 2.0 megarad, pH increased from 6.05 to 6.50 units after storage for 
46 days. After 93 days’ storage pH was 6. 32. On the other hand, pH decreased after 
prolonged storage of the carbohydrate-containing products irradiated with a dosage 
of 2.0 megarad. Thus, pH of thick bologna decreased from 6.10 to 5.65 units after 
47 days and to 4.60 after 84 days. In both instances the product was rancid (cf. 
Fig. 7). The content of f.f.a. increased on the same time from 0.8 % to 2.3 and 
4.7%, respectively. In liver paste irradiated with a dose of 2.0 megarad, pH 
changed only 0.13 units, from 6.23 to 6.10, after storage for 84 days, but it de- 
creased to 5.75 after 121 days’ storage. The content of f.f.a. was enhanced from 
5.6 to 9.2 % after 121 days. 


The development of oxidative rancidity, determined by the peroxide value of the 


fat in the fatty products irradiated with a dosage of 2.0 megarad, is shown inFig. 7. 
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Fig. 7. 


Formation of fatty peroxides during storage at room temperature 
of vacuum-packed meat products irradiated with a dosage of 
2.0 megarad. 
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Table Il Organoleptic examinations 
eat es o = odour, f = flavour, c = colour, t = texture. - no change, (+) possible change, 
F significant change, ++ strongly changed 
Dose le- ] 
Bacon Cooked ham Cooked beef Smokedhorsemeatt Thick bologna Liver. paste 
o: (+) QO: - - o: (+) - - 
bie t: - ft: - t: - 
| o: + o: (+) ? o: + ‘burnt hair o: + undefinable o: + undefinable o: - 
0.2 f: (+) f: (+) + £: 
c:- - - - - 
| it: - - t: - t: - - t: - 
o: + fermented? o: + ournt ha + ‘burnt hair", |o: + “burnt hair o: + undefinable o: (+) 
| } storage storage 
| 15 f:+ rf (+) f{:+ similar to £ + similar to jf: + bitter taste f:+ efinable 
| the odour the odour cha 
c: + brownish + greyish greenj|c: + sh green|c: + progressive c: + gradually c: + greenish upon 
ipon storage storage browning greyish storage 
| - - t+ jt: (+) - t: (+) 
| o: + "burnt hair + “burnt hair” ‘burnt hair", lo ++ "burnthair",|o: ++ changed,very|o: + slightly burnt 
| | | changes upon changes to an very repul- offensive odour 
| | storage odour of "cow’| sive, changes odour (''wet 
| or ‘barnyard upon storage dog""?), fi 
upon storage | nally strongly 
rancid 
| £: + undefinable f{: + undefinable {: ++ similar to i! ++ similar to {: ++ similar to f: + a little bitter 
taste,changes|_ taste,changes| _— the odour ~ odour [ the odour,in |~ 
ipon storage upon storage addition bit- 
| to fermented ter taste 
1 | and rancid | 
| c: + brownish, c: ++ greyish c |e: ++ flamed, c: ++ greyish c: + greenish upon 
| green upon green upon brownish | green after storage 
} storage storage | black meat some days 
| | colour, con- 
| nective tissue 
| | bluish 
t: + brittle, dry, [t: ++ brittle,dry, |t: ++ very soon jt: + brittle, dry, |t: ++ brittle,dry, jt: + brittle, dry, 
~ falls to y falls to ua brittle, dry, |~ falls to ~ falls to falls to 
pieces upon | pieces after falls to | pieces upon pieces upon pieces upon 
stora | some time pieces aiter | storage storage | storage 
| | some time | 
| o: ++"'burnthair |o: ++ as the pre- o: ++ as the pre- jo: ++ more pro- jo: ++ more pro- o: ++ burnt odour 
~ changes upon | ceding sample §cedingsample.| nounced ~ nounced ~ changing to 
| storage although more although more changes than changes than smell of hay, 
pronounced pronounced | in the pre- in the pre- anchovies, and 
| changes changes | ceding sample ceding sample finally racid 
| | odour 
2 f: ++ ia. sweet jf ++ f: +4 jf: ++ If: ++ if: ++ similar 
} taste, changes | to the odour, 
| spon storage, | | in addition 
fina rancid | a little bitter 
+ as the pre- c: ++ c: ++ |e: ++ c: ++ - Ic: ++ as the pre- 
ceding sample ceding sample 
++ jt: ++ t: ++ fe: ++ ++ 
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The peroxide value after storing 73 and 116 days was also determined for the 
very small quantity of tallow contained in the cooked beef, as is seen from Fig. 7. 
— Due to the generally short storage periods of samples irradiated with doses lower 
than 2.0 megarad, the peroxide values of these samples did not change much. Two 
results on samples irradiated with a dosage of 1.0 megarad may, however, be 
mentioned: cooked ham, stored for 25 and 35 days, respectively, showed peroxide 
values (mg active oxygen per kg fat) of 163 and 926; liver paste stored for 47 days 
showed a peroxide value of 132. The storage period and not the dose of radiation 
seemed to be important for the development of rancidity within the limits of these 
experiments. In general, however, irradiation favours the oxidation of fats, as 
shown by several authors working with higher levels of irradiation in 
meats! 3: 30, 31,43, 46) (no oxidation in the presence of an atmosphere of sitcom? 
or in or with pure fats, separate fatty acids and their esters>”’ 52-57) 
Witting and Schweigert”° state that, as during autoxidation, it is the linoleic acid 
that is principally attacked and degraded during #-irradiation. 


The proportion of nitrogen compounds not precipitated by 20 % CC1,COOH was 
determined on 1) non-stored samples of unirradiated and with 2.0 megarad irradiat- 
ed cooked ham, cooked beef, thick bologna, and liver paste, and 2) samples of the 
same items irradiated with 2.0 megarad, but after long-term storage. The results 


are shown in Table III. 


Table III 


Changes of non-precipitable nitrogen due to irradiation and storage 


Irradiation | Storage | Non-precipitable N x 100 
Product 
(megarad) (days) Total N 
Cooked ham (the lean part) none 0 8.5 
" " " " " 2 0 10. 6 
" " " " " 2 93 9. 4 
Cooked beef none 0 
" " 2 0 9. 2 
ig " 2 116 9.25 
Thick bologna none 17.3 
2 0 15.2 
" " 2 84 8 
Liver paste none 0 25.6 
" 2 0 25.4 


There was no indication of an odour or taste emitted from the cellophane-poly- 
ethylene bags and absorbed by the irradiated or non-irradiated samples. However, 
it turned out that radiation made the plastic material brittle. This was noticed 
especially on the packages which had been irradiated with the highest doses. In ad- 


dition, after storage about three months it was observed that the two layers gra- 
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dually began to separate, giving rise to a checkered pattern of channels between the 
layers. The sealed joints remained tight, however, and a leakage due to this defect 
. was not observed. Evidently it was an effect of temperature, since it did not appear 
in bags kept in a refrigerator or a freezing cabinet for an equally long or longer 
period. 


DISCUSSION AND CONC LUSIONS 


By these investigations it was found, in agreement with what has been 
found by many other authors, that meats are subject to organoleptic 
changes during irradiation. Published descriptions of the irradiation 
odours and flavours varies somewhat. In the present study the irradiated 
products had a smell reminiscent of burnt hair. This might indicate an 
attack on the cystine residue in the protein or glutathione as reported by 


23, 30, 36, 38, 45, 46) 
many workers 


. As a rule, odour and flavour changed 
during storage. Thus, the odour of irradiated cooked beef gradually 
turned from that of burnt hair to a strongly pronounced odour of ''cow'' 


or a ''barnyard" odour, also observed by Batzer et al. 30). 


Organoleptic changes were noticed in all samples which had been ir- 
radiated with a dose of 0.5 megarad or higher. However, liver paste 
and cooked ham irradiated with a dose of 0.5 megarad were still accept- 
able. Cooked beef and smoked horse meat treated with this dosage show- 
ed the greatest organoleptic changes. As seen from Table II, liver paste 
and cooked ham were found not to be changed after irradiation witha 


dose of 0.2 megarad. 


It is a well-known fact that the colour of vacuum-packed sliced meats 
will keep even if the products get spoiled. This was observed in the pre- 
sent study, too, bothon the non-irradiated samples and on those irradiat- 
ed with doses of 0.1 and 0.2 megarad. In packages irradiated with a 
dosage of 0.5 megarad or higher a significant change of colour was ge- 
nerally observed after about a week’s storage at room temperature. In 
the irradiated non-cooked products (bacon and smoked horse meat) the 
colour turned to brownish, indicative of metmyoglobin. With bacon this 
colour progressively turned greenish. In smoked horse meat irradiated 
at a level of 1.0 and 2.0 megarad, a brownish-black, flamed colour de- 
veloped even before storage. A similar, very dark colour was observed 
be Erdman and Watts” on irradiated cured and smoked pork patties 
packed in polyethylene-coated mylar. In the irradiated cooked products 


‘ 
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the pink colour of nitrosohaemochromogen changed to greyish-green, 
58) 
59) 


indicating a change of the porphyrin nucleus, as evidenced by Barron 


Ginger et al. 37, 60) and (for unirradiated cured :neats) Watts et al. : 
Groninger et al.>!), Erdman and Watts*>) as well as Hougham and 
Watts ) report various colour changes in cured meats. Batzer et al.>°) 


investigating raw beef, observed a colour destruction initially at a dose 
level of 8 megarad. According to Hougham and Watts**), 200 p.p.m. 
nitrite appears to be optimal for formation and retention of the cured 
meat pigment. Irradiation converts nitrate to nitrite, but the amount of 
nitrite thus formed is insufficient to constitute a hazard. From Table I 
a content of approximately 340, 180, 320, 500, 110, and 120 p.p.m. 
nitrite can be calculated for bacon, cooked ham, cooked beef, smoked 
horse meat, thick bologna and liver paste, respectively, if the content 
of salt in the fat in the former four items is disregarded. With regard to 
the specification just mentioned, it is evident that even the initial content 
of nitrite in the cooked ham, bologna, and liver paste might have been 
too low to maintain the colour of these products. This is specially so, 
when the considerable losses of nitrite occasioned by irradiation and 
storage are considaved™ . Then the initial content of nitrite even in the 
bacon and the cooked beef might have been too low. Moreover, it is 
stated*”’ 59) that the oxidation of cured meat pigment can be inhibited by 
nitrite only if reducing groups are present, as e.g. free SH-groups from 
the meat or added ascorbic acid; in the absence of sulphydryl groups 
nitrite accelerates the oxidation of the cured meat pigment. According 
to Watts et al. >?) SH-groups may be liberated during denaturation of 
muscle proteins; SH-groups have also been shown to be freed during ir- 
radiation of cured unheated pork” and solutions of casein and egg al- 
nenen” In cooked meats, however, the content of free SH-groups de- 
creases both on irradiation and on subsequent storage*” . — The versatile 
character of the SH-groups in reduction-oxidation systems makes the 
mercaptans such as cysteine or glutathione play a particularly important 
réle for the equally versatile meat pigment. A rdle opposite to the posi- 
tive one just mentioned has been demonstrated by Fox et al. who found 
that the previously characterized green pigment formed in meat and 


meat extracts upon irradiation” ©) 


was identical to sulphmyoglobin. 
The sulphur in this compound originates from either glutathione or other 
thiol-containing substances present in meat. Ina first reaction H,S is pro- 
duced from these SH-compounds and in a second reaction HS, an oxid- 
ant, and myoglobin form the green sulphmyoglobin. In addition, it was 


found that the protein moiety ("globin") of the green pigment is partially 


ok 
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denatured, the denaturation curve having an inflection at pH 5.2-5.3, 
which is equal to the pH-value associated with the ionization of the imine 
nitrogen of the histidine molecule co-ordinated with the haem iron; it 
also represents the pH for maximal production of green pigment. At low 
doses of 7 -irradiation (ca. 30.000 rep) beef oxymyoglobin undergoes a 
series of reactions leading to metmyoglobin and a red compound which 


is stable on further irradiation 


In samples irradiated with doses of 1.0 and 2.0 megarad, and toa 
lesser extent also in cooked beef, smoked horse meat, and liver paste 
irradiated with a dose of 0.5megarad the texture became dry and brittle. 
This was not very noticable at first, but was marked after some days’ 
storage at room temperature. After prolonged storage the meat fell to 
pieces. Since this phenomenon was observed not only on uncooked pro- 
ducts but also on cooked ones, it cannot generally be explained as a re- 
sult of enzyme action as reported by several workers using raw 


eat??? 31,35, 38) The conclusions made by Pearson et al.2”), who 


m 
observed similar changes on irradiated beef and veal roasts, roast 
chicken, and pork chops stored at 38°C and 52°C for various periods, 
seem to be plausible. They attribute the loss of texture to the breakdown 
of connective tissue during storage and state that this is probably a non- 
enzymatic hydrolysis due to temperature, time and moisture. Such 
breakdown appears to be one of the major problems in storage of pre- 
cooked irradiated meats. With regard to the profound changes observed 
on protein molecules (casein and egg albumen) when irradiated in aqueous 
solutions , it may well be that not only the connective tissue protein, 


but also the meat proteins in general, will be affected. 


An indication of the fact that the protein, at least in some cases, does 
not remain intact after irradiation and storage is evident also from 
Table III. The results are, however, not unequivocal. Thus, in the case 
of cooked ham and cooked beef, it is evident that the proportion of nitro- 
3COOH is lower before 


than after irradiation. Storage caused a decrease of the said proportion 


gen compounds which is not precipitated by CCl 


in cooked ham, but caused no change of the proportion in cooked beef. In 
thick bologna, however, the proportion decreased very noticably after 
storage of the irradiated sample; in liver paste no significant change in 
the proportion seemed to occur. These differences, although generally 
not very large, may indicate a competition between hydrolysis and some 
kind of denaturation resulting from irradiation and storage (cf. 


23,27, 36)) 


ref According to Sheffner et al. *) irradiation of turkey, 


pork, and beef with a dose of 2 megarep caused only minor alterations 
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in the enzymatic availability of amino acids as opposed to canning 
(115°5 C), which caused a significant decrease in the quantity of amino 


acids released by in vitro digestion with pepsin. 


The following main results of the bacteriological examinations were 
obtained (see Figs. 1-6). A radiation dosage of 2.0 megarad was suf- 
ficient to render all the products practically sterile (surviving organisms 
less than 100 per gram) and also to keep them sterile under the prevailing 
conditions. A dosage of 1.0 megarad was also sufficient to obtain the 
same effect in the strongly-cured smoked horse meat and in liver paste 
which had a relatively low initial bacterial count. Thus high concentra- 
tions of NaCl apparently lowers the dosage of irradiation necessary to 
kill the comparatively NaCl- and NaNO, -sensitive endospores which 
may be present in meat products. On the other hand, it should be pointed 
out that the outgrowth of germinated spores might take a long time and 
that the cells may have a higher resistance to NaCl than vegetative cells 
during a considerable period of the entgrewth®”. In the present investi- 
gation, the bologna irradiated with 1.0 megarad provides an example of 
where such a slow outgrowth occurs (Fig. 5). Another possibility which 
should be borne in mind in such experiments is that the ability of growth 
of surviving spores subjected to radiation-induced damage is generally 
dependent on the medium used for plating (H. Riemana)'*), — The im- 
portance of a low initial population level for the storage life at 2°C of 
radiation-pasteurized meats was shown by Drake et al. 47) in the case of 


packaged frankfurters. 


In bacon irradiated with a dosage of 1.0 megarad and liver paste ir- 
radiated with 0.5 megarad the microorganism count reached a maximum 
of > 10! after 8 days’ storage and >10* after 5 days’ storage, respecti- 
vely; then the population rapidly decreased. The reason for this phe- 
nomenon is not quite clear, but may be interpreted as an effect of heat 
(maybe also of light) as reported by Kelner ae. and discussed by 
Kan et al. in view of the observations of Arnow and Clark (cited by 
Kan et al. 19), , which indicated that even moderate temperatures (18-30°C) 
are sufficient to inactivate bacteria pre-irradiated by X-ray or ultra- 
violet radiation. It is well established that endospores damaged by ionis- 
ing radiation are susceptible to heat, in contrast to spores survived after 


thermal treatment! 19, 65, 66) 


. In view of these opposite affects of pre- 
and post-irradiation heating, it is of interest to note that the effect of 
increasing temperature during irradiation will be the same as heat 


after irradiation, i.e. a reduction of viable bacteria ‘. In searching for 


an explanation for the phenomenon mentioned, one must also consider 


‘ 
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the autosterilization of thermophilic speres”** 68) 


However, it does not 
seem likely that a toxic effect of fatty peroxides, as shown by Stillwell 
et al. 69) and Sokoloff et “., or of still further decomposed fats (e.g. 
pelargonic acid) as shown by Ferlin et ai?) and Karabinos and Ferlin’ ) 
would have caused the observed reduction of the number of viable micro- 
organisms since no appreciable formation of peroxides had occuredafter 


the actual storage periods (cf. Fig. 7). 


Irradiation with doses below 1.0 megarad resulted only in a prolonged 
storage life (cf. however, liver paste as discussed above). The prolonga- 
tion of storage life after a radiation dosage of 0.5 megarad was, how- 
ever, considerable. Thus, the initial bacterial count of the control 
samples was reached in the samples irradiated with a dosage of 0.5 
megarad after about 5, 6, 9, > 14 and 5 days’ storage of bacon, cooked 


ham, cooked beef, smoked horse meat and thick bologna, respectively. 


From Fig. 7 it is evident that vacuum packaging cannot prevent the 
products from being rancid when the storage period is extended. Even 
the relatively saturated tallow gets rancid, as is seen from the peroxide 
values of the small quantities of fat contained in the cooked beef. Of 
course a longer storage period than 2-4 weeks could be possible without 
the hazard of rancidity if a lower temperature were chosen than that 


applied in this study and, in addition, if the light were excluded. — The 


changes in the content of f.f.a. during storage have been discussed be- 
fore (p. 9 and 11). 


SUMMARY 


Vacuum-packed sliced bacon, cooked ham, cooked cured beef, smok- 
ed cured horse meat, thick bologna and liver paste were #-irradiated 
with doses of 0.1, 0.2, 0.5, 1.0, and 2.0 megarad and compared with 
the corresponding non-irradiated products immediately after the treat- 


ment and after storing for various periods at 22-23°C. 


Irradiation odour and flavour were detectable in all items irradiated 
with a dosage of 0.2 megarad and more except in cooked ham and liver 
paste. At a dose level of 0.5 megarad and higher, off-odour and off- 
flavour appeared even in the latter products. The acceptability decreas- 


ed appreciably at the higher doses of radiation. 


Change of colour due to irradiation was observed in all products after 
about one week’s storage. The change varied with the product examined. 
Doses of 1.0 and 2.0 megarad made the products turn brittle and even- 
tually fall to pieces on storage apparently due to a non-enzymatic de- 


struction of the tissue. 


A dosage of 2.0 megarad was sufficient to achieve practical sterility 
in all the products under the conditions used. A dosage of 1.0 megarad 
was sufficient to obtain this effect in smoked cured horse meat and liver 
paste. Long-term storage was, however, limited by a gradually develop- 


ing oxidative rancidity and the destruction of the texture. 


Some change of the proportion of nitrogen compounds not precipited 
by trichloroacetic acid, owing to irradiation and storage, was observed 


in some instances. 
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